In the paper there were presented the modifications of Holt's method. Firstly, it was assumed that the values of the parameters appearing in Holt's model do not need to be limited, as is commonly assumed, to the range of [0, 1]. Secondly, it was proposed the more precise way of forecting of range series for more distant time. The aim of the paper is to propose some modifications to Holt's model which will allow for better forecasting. The paper presents an idea and the effects of the proposed modifications exemplified by the data on the transport of goods by inland waterways transport in Poland.
INTRODUCTION
Holt's method is one of exponential smoothing methods. It is based on the smoothing of the analyzed time series by means of a moving average and it is used to smooth the time series in which there is the tendency of random fluctuations. Thanks to the series smoothing it is obtained a piece of information about its properties used to determine the forecast.
Exponential smoothing may be based on different models, respectively matched to the course of the series. In addition to Holt's model it is used a simple model of exponential smoothing as well as Winter's model.
HOLT'S MODEL
Holt's model allows for smoothing time series, in which there is the trend and random fluctuations. The values of the forecasted series are indicated by symbols x 0 , x 1 , ..., x n-1 . This model has two parameters α and β and the following form:
) )( 1 ( 
where: k = 1, 2, 3, … Holt's model parameters α and β are chosen as to minimize the errors of the expired forecast. For this purpose the values of any specific parameter are assumed and determined in accordance with (5) for k = 1 of the expired forecast 1 1
for the moment of time t (t = 2, 3, …, n from the earlier period (x 0 , x 1 , ..., x t 1 ). This forecast can be compared with the actual values of a x t series. The resulting differences are the errors of the expired forecast which gives the model for the adopted parameters α and β. As a measure of the quality of the method it should be assumed the average from the errors of the expired forecas. It can be an average mean 
Finally, among all the possible values of the parameters α and β there should be found those that give the smallest error value J 1 or J 2 . In this way, there are determined the optimum values of model parameters, i.e. its optimization is carried out. The value of J * is a measure of forecast error determined by the model. It is commonly assumed that α [0, 1] and β [0, 1] . It seems, however, that this limitation is unnecessary, therefore in the carried out calculations it was omitted. In this way it was assumed that the best model parameters are such for which the model determines the expired forecast in the best way irrespectively whether these parameters are higher or lower than the unity.
The evaluation of the optimum values of parameters α and β is conducted by means of numarical methods.
DATA ANALYSIS
The analysed time series was presented in table 1. It contains the information on the data on the transport of goods by inland waterways transport in Poland in annual periods.
The values of the optimum parameters of Holt's model are different depending on the applied quality measure. The parameters grid was checked with the accuracy of 0.0001. The forecasts were determined for the next future periods. Fo the linear meaure (7) the optimum are parameters α =1.2428 and β = -0.0336.
For the squared measure (8) the optimum are parameters α =1.3884 and β = -0.0145. Time series together with the forecast for the measure (7) was presented in fig.1 . 
Source: Own study.
Time series together with the forecast for the measure (8) was presented in fig.2 . 
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For comparison, when the parameters value of the model α and β are limited to the range [0, 1] , then the optimum values of these parameters for the linear measure (7) are α=1.0000 and β=0.0000, (11) whereas for the squared measure (8) 
Source: Own study. Limitation of the values of the parameters α and β to the range [0, 1] makes that to the large family of a time series it is assigned the same Holt's model with parameter α = 1.0 (or β = 1.0). That is so for the considered range. In this context, a wide variety of series is described by the same model. At the same time the parameters of the Holt's model can be selected in order to determine the expired forecast in a more accurate way. These parameters should be used for forecasting.
FORECAST FOR FURTHER INSTANTS OF TIME
In the traditional approach presented in the form of equations (1)- (5) the optimum parameters of the model are based on the expired forecast calculated for one step forewards. If, however, by using the model the forecast for k steps forwards needs to be determined, it should be performed the optimization model taking into account the expired forecast for k steps forwards. Thus, it was suggested that for every instant of time which the forecast is to be determined, it should be determined another model, each time on the basis of different quality measure.
If the prediction is to be performed on the na k-th step forwards, then the model parameters should be determined by minimizing a measure of the quality of
where: k = 1, 2, 3, … The calculations were made with an application of C++ of the following code: , 10255, 7729, 7968, 8747, 9607, 9271, 9792, 8109, 5655, 5141, 5093}; double F[12] , S[12], F_opt, S_opt; // the table needs to be of the n size double J2, J1, a_opt, b_opt, J2_min=999999999, J1_min=999999999; double a, b, krok=0.0001; int t, n=12, k=1; // k means on how many steps forwards is the forecast, k=1, 2, 3, ...
for (a=0.0; a<=1.0; a=a+krok) { for (b=0.0; b<=1.0; b=b+krok) { J2=0; J1=0; for (t=2; t<n; t++)
//minimization of linear error { J2_min=J2; J1_min=J1; a_opt=a; b_opt=b;
//linear error J2_min=sqrt(J2_min/(n-5-k)); //squared error cout << "optimum a = " << a_opt << endl; cout << "optimum b = " << b_opt << endl; cout << "forecast for the moment " << n+k-1 << " = " << F_opt+k*S_opt << endl; cout << "linear error J1 = " << J1_min << endl; cout << "squared error J2 = " << J2_min << endl; system("PAUSE"); } Forecast value for k steps forwards is calculated according to equation (5). The results of calculations for the quality measure (13) are presented in table. 3 and in figure 4. In the case of the modified method the forecasts do not have to be a straight line, as it is always in case of the conventional method. Source: Own study.
Thanks to the presented modification there were obtained lower average errors of expired forecast. They are summarized in table. 4 (for linear quality measure). These errors for the traditional method were determined for a model in which α and β have the values (9), but according to the equation (13). Yet, for the modified method the errors of expired forecast come from table 3. Based on the criterion which is the average error of expired forecast, one can conclude that the modified method allows for the determination of more reliable forecasts.
CONCLUSIONS
In the classic applications of Holt's model the values of its parameter are restricted to the range [0, 1] . This approach has been used for example in a Statistica package. In the paper it was proposed not to restrict the parameters of the model to the range [0, 1] . Such models can better determine the expired forecast. So they are a better way to determine future forecasts.
The limitation of the parameters values α and β to the range [0, 1] probably resulted from the idea that the values of series F t and S t are in a certain percentage of the previous values of these series, and the rest of the values of another factor (in accordance with (3) and (4 )). Resignation of reducing the value of these parameters is a natural generalization of the method.
In the cases where in the model the parameter α>1 was obtained, the series F t was not always the smoothing of x t series. For some of the analyzed examples the values of F t series oscillated at around the value of x t series. In that case F t series did not smooth but on the contrary sharpened the fluctuation of the original series. However, always modified
